BACKGROUND: Nodular fasciitis (NF) is a benign, self-limited, fibroblastic/myofibroblastic proliferation that is diagnostically challenging, often mimicking a malignant process due to its rapid growth clinically and its high cellularity, mitotic activity, and variable/nonspecific cytomorphologic findings. Herein, the authors report what to their knowledge is the largest and first multi-institutional study of the cytomorphologic characteristics of NF by fine-needle aspiration (FNA).
INTRODUCTION
Nodular fasciitis (NF) is a benign, self-limited fibroblastic/myofibroblastic proliferation most commonly occurring in the upper extremities (volar aspect of the forearm), trunk, and back in adults. However, numerous additional locations have been described, including the parotid gland, external ear, oral cavity, and breast. [1] [2] [3] [4] [5] Furthermore, children most commonly develop lesions in the head and neck region. 6, 7 Patients are typically aged between 20 and 40 years and present after developing a rapidly growing subcutaneous mass over several weeks and/or months. 1 NF does not involve the epidermis and may or may not be painful. Prior trauma localized to the involved area is present in a minority of cases. To our knowledge, the etiology of NF is unclear; however, great strides have recently been made regarding the pathogenesis of this disease. NF has been characterized as having a recurrent somatic MYHP-USP6 gene fusion, suggesting that NF is the first known self-limited, "transient neoplasm." 8 Although the clinical course of NF is completely benign and typically regresses within a few months without surgery or treatment of any kind, it can be very challenging diagnostically, often mimicking a malignant process due to its rapid growth clinically and its high cellularity, mitotic activity, and variable/nonspecific cytomorphologic findings. 1, [9] [10] [11] [12] [13] [14] [15] In fact, NF is frequently misclassified as malignant, leading to unnecessary surgery and patient distress. 2, 13, [16] [17] [18] Conversely, mistaking a malignant process for NF can lead to mismanagement and the delay of treatment. Although the cytomorphologic features of NF on fine-needle aspiration (FNA) have been reported previously, to the best of our knowledge these studies are limited by small sample sizes and are all single-institution reports. [9] [10] [11] [12] [13] [14] [15] To our knowledge, the current study is the largest and the first multi-institutional study of the cytomorphologic characteristics of NF by FNA.
MATERIALS AND METHODS

Case Identification
The pathology archives at The Johns Hopkins Hospital, The Ohio State University Wexner Medical Center, and Emory University Hospital were searched for soft tissue FNA cytology specimens of masses confirmed to be NF by excision or clinical follow-up.
Data Collection
We recorded the clinical history, actual FNA diagnosis, and cytomorphologic features of each case from our respective institutions. Cellularity was classified on a scale from 1 to 4, with 1 indicating paucicellularity and 4 indicating hypercellularity. The architecture was noted to be predominately single cells, predominately tissue fragments, or both. The presence or absence of a myxoid stroma, tissue culture appearance, necrosis, and an inflammatory component was recorded. Cellular features, including spindled, polygonal, epithelioid, and plasmacytoid changes, were logged. The cytoplasm was described as being short, elongated, unipolar, bipolar, curved, and/or absent/inconspicuous. Cytologic atypia, nuclear shape (rounded, ovoid, or spindled/elongated), nuclear contours (smooth, bent, or irregular), nuclear location (eccentric), chromatin features (hyperchromatic), the presence of nucleoli, and the presence of mitoses were recorded. Additional striking cytologic features, as well as immunocytochemical stains performed on concordant cell block material, were documented when applicable.
RESULTS
Demographic and Clinical Information
A total of 34 cases were identified, 33 of which had material available for review. Three of the cases identified have been published previously by one of the authors (P.E.W.). 13 All 3 of these cases involved the hand and have been rereviewed and reassessed for inclusion in the current study. The demographic and clinical information for each case is shown in 
Pathologic Features
The salient cytomorphologic features are listed in Table 2 
Actual Cytologic Diagnoses
The actual FNA diagnosis for each case is shown in Table  1 . In summary, only 4 of the 34 cases (11.8%) were signed out as NF. Thirteen cases (38.2%) were either favor/probable/consistent with NF or had it included in the differential diagnosis. Fifteen cases (44.1%) included spindle cell lesion/proliferation/neoplasm in the description. Six cases (17.6%) included the word "benign" definitively in the diagnosis. Two cases (5.9%) were described as "benignappearing" or "favor benign." Two cases (5.9%) were signed out simply as "atypical cells." Two cases (5.9%) were signed out as "malignant neoplasm, NOS [not otherwise specified]." Other lesions mentioned in the differential diagnosis included myositis ossificans, fracture callus, fibromatosis, low-grade myxoid sarcoma, benign soft tissue tumor, and degenerated mesenchymal tissue.
DISCUSSION
Evaluation of soft tissue cytologic material requires the application of strict clinical, radiographic, and reproducible morphologic criteria. In the current study, the clinical features were similar to those previously published with regard to age, location, length of symptoms, pain, and history of trauma. Although many patients with NF have a similar presentation, the clinical and radiographic findings are nonspecific enough to require tissue sampling. For patients with soft tissue lesions, FNA is most successfully used when the lesions are superficial, thereby increasing the accuracy of targeted sampling and reducing the retrieval of reactive/nonlesional zones. 19 For example, reactive fibroblasts/myofibroblasts surrounding a malignant lesion may be sampled and mistakenly interpreted as a benign process or, more specifically, as NF. Lesions tend to measure <3 to 4 cm and are easily visible by ultrasound, appearing as noncircumscribed, hypoechoic nodules adjacent to or within the fascia with mildly increased blood flow. 20 As shown in Figure 3 , cross-sectional imaging, such as magnetic resonance imaging, can be extremely helpful in narrowing the differential diagnosis. On magnetic resonance imaging, NF is typically observed as an ovoid lesion with broad fascial contact and perilesional edema tracking along the associated lesional fascial plane, which is a finding that favors a benign entity versus a more aggressive and subsequently destructive sarcoma. 21 Furthermore, just as there is cytomorphologic heterogeneity, there is a significant amount of contrast enhancement heterogeneity. In addition, hypercellular lesions tend to be nearly isointense to skeletal muscle on T1-weighted imaging while they appear hyperintense to adipose tissue on T2-weighted imaging. 22 The superficial location of NF, as well as radiologic characteristics, make FNA with or without ultrasonographic guidance an easy method with which to obtain diagnostic tissue. Although FNA of soft tissue masses can be diagnostically challenging, when used in the correct scenario, it offers advantages over more invasive, open procedures. FNA is a well-tolerated outpatient procedure with negligible risks for major complications. Furthermore, on-site evaluation can provide real-time feedback to ensure the sampling of diagnostic tissue and to obtain adequate material for ancillary testing. In addition, the small needle can be passed through multiple areas of a lesion to ensure heterogeneous sampling. In contrast, surgical biopsy requires additional medical personnel and carries a higher risk of complications; however, the benefits include having sufficient material with which to evaluate architecture and to perform ancillary testing to make a definitive histologic diagnosis. In the current study, the actual diagnosis of NF was made in approximately 10% of cases; however, the diagnosis was suggested in nearly 40% of cases. This practice underscores 2 important points: 1) specific cytomorphologic criteria for a definitive diagnosis are lacking; and 2) pathologists may be concerned about undercalling a malignant lesion, leading to the avoidance of diagnosing NF. This latter point is supported further by the fact that only a minority of cases were definitively described as benign. The literature has addressed many instances of the misclassification of NF as a malignant lesion.
2,13,16-18 However, we would like to point out that failing to call NF benign still may prompt unnecessary surgical excision. Nevertheless, by diagnosing only 6% of the cases in the current study as being overtly malignant, the cytopathologist has helped guide the surgeon's hand into perhaps watchful waiting, or performing only a limited surgical procedure, which is a particularly important factor for those cases arising in the face/parotid region. Although it is crucial not to overcall NF as a malignant neoplasm, strict cytomorphologic criteria for NF may help both scenarios and improve clinical management. The morphologic features of NF in the current study appear to be similar to those previously described in the literature; however, a few items are worth noting specifically. 1, [9] [10] [11] [12] [13] [14] [15] First, similar to the majority of cases published to date, the cytologic smears were hypercellular and comprised predominately of single cells with some component of myxoid stroma. Second, approximately 50% of cases contained an inflammatory component, either chronic or acute and chronic. Third, a tissue culture appearance was observed in nearly 67% of cases. In addition, in the current study, we found that approximately one-quarter of cases were comprised of predominately tissue fragments with no, or only a minor component of, single cells. Although prior reports have mentioned cellular aggregates as a component of the lesion, to the best of our knowledge they do not stress the fact that tissue fragments without the presence of single cells can be characteristic of this process. Furthermore, approximately 10% of cases contained focal necrosis, which has been observed in tissue samples; however, this feature alone should at least prompt consideration of a more worrisome process. Several cytologic characteristics of NF noted in the current study also reinforce the findings in the literature. Various cellular morphologies were observed, with the majority of cases demonstrating >1 form, thereby emphasizing the plasticity of myofibroblasts. Spindled cells were present in nearly every case, although polygonal and epithelioid forms were common. Furthermore, 2 cases contained lesional cells with a plasmacytoid appearance. It is important not to mistake this variation, which appears to suggest a reactive process, with the pleomorphism characteristic of malignancy. Unipolar cytoplasmic tails were present in nearly every case, whereas bipolar processes also were common. The majority of cytoplasmic tails were curved and approximately 25% were significantly elongated. Mild or minimal cytologic atypia was noted in nearly one-half of the cases. Furthermore, atypical nuclear features were observed, including hyperchromatic nuclei in approximately 25% of cases, bent or irregular nuclear contours in approximately 10% of cases, and 1 case with significant anisonucleosis. These findings underscore the difficulty in diagnosing these cases as a definitively benign entity. In addition, occasional/rare mitoses were observed in a minority of cases; however, no atypical mitotic figures were appreciated.
In isolation, there are pitfalls in the cytomorphologic findings, as noted earlier, that preclude a definitive diagnosis as a benign entity or, more specifically, as NF. It is important to not overinterpret any one single finding. Furthermore, it is important to stress that the clinical presentation and the radiologic findings can significantly improve the diagnostic accuracy of otherwise inconclusive/borderline findings. More specifically, the findings of the current study make it difficult to point to any single or small group of salient cytomorphologic findings that can be applied retrospectively to lead to a diagnosis of NF alone. It is only in combination with clinical information, radiologic findings, and pertinent negative results identified on a case-by-case basis to exclude certain entities in the differential diagnosis that a diagnosis of NF can be made. Furthermore, if cell block material is present, immunostaining can aid in ruling out some of the worrisome cytomorphologic mimickers. NF may be positive with a limited number of markers in keeping with its fibroblastic/myofibroblastic lineage: actin/ smooth muscle actin, calponin, and vimentin. 23 NF can appear cytologically identical to dermatofibrosarcoma protuberans (DFSP) 24, 25 ; however, clinically, DFSP typically presents with a red/purple/brown plaque on the skin. This finding is in contrast to NF, which typically does not involve the epidermis, although it is important to be aware of confounding factors and to note that one case in the current study presented as an ulcerated mass on the palm at the base of the index finger. Aside from epidermal involvement and the finding that DFSP is slower growing, distinguishing DFSP from NF on cytomorphology/clinical presentation alone is nearly impossible due to the fact that both affect adults aged 20 to 40 years with a similar anatomic distribution of disease. However, if cell block material is available, immunostaining can help to sort out this differential because the majority of most cases of DFSP are CD34 positive whereas NF is CD34 negative. 26 Inflammatory myofibroblastic tumors (IMTs) are cytologically bland lesions comprised of spindled myofibroblasts and a prominent inflammatory component. The spindled cells may be associated with mild atypia, as well as typical mitotic figures, similar to many of the cases of NF described above. However, 2 factors can help to rule out this entity in the differential diagnosis. 1, 27 First, the majority of cases of IMT are found within the abdominal cavity in children aged <14 years, which are both an uncommon age and location for NF. In the current study, we reported 3 cases occurring within this age group (2 lesions in the lower extremity and 1 lesion in the upper extremity), and we reported 1 case arising in the abdominal wall in a woman aged 80 years. However, we reported no cases occurring in both this age group and this location. Second, if cell block material is available, immunostaining with ALK may be helpful because it is often positive in IMTs and negative in cases of NF.
28
Extra-abdominal fibromatosis is a cytologically bland lesion of low-to-moderate cellularity composed of haphazardly arranged, bland spindle cells within a background of abundant collagen and occasional myxoid stroma. 1 Although this lesion can pose a diagnostic challenge, these lesions tend to be deeper; infiltration into skeletal muscle is reported in nearly every case. Furthermore, in contrast to Original Article NF, the majority of cases of fibromatosis demonstrate nuclear positivity for the b-catenin immunostain. 29 Low-grade fibromyxoid sarcomas (LGFS) are typically cytologically bland, hypocellular lesions composed of spindled cells with hyperchromatic oval nuclei and occasional intranuclear inclusions. 1, 30 As previously noted, we reported only one case with hyperchromasia and did not observe any case with intranuclear inclusions.
LGFS often contains alternating areas of fibrous and myxoid stroma and, depending on sampling, may appear indistinguishable from NF. However, from a clinical standpoint, LGFS usually involves the deep soft tissue, versus being subcutaneous like NF. In addition, if cell block material is available,
LGFS stains positively with the MUC4 immunostain; NF should be negative.
31
Synovial sarcoma is high-grade malignant neoplasm with relatively bland cytologic features. 1 It usually presents as a deep mass located around the knee and the ankle, affecting the same population as NF: adults aged 20 to 40 years. The majority of synovial sarcomas are biphasic with epithelial and spindle cell components, although monophasic forms also are observed, such as the monophasic fibrous type. 32 On FNA, synovial sarcoma is hypercellular, with densely clustered, spindle-shaped cells with tapering cytoplasmic processes and hyperchromatic nuclei. 33 As previously described by Plaza et al, 13 the best distinction may be made by the densely cellular tissue fragments noted in synovial sarcoma; however, in the current study, we noted many cases with numerous tissue fragments, some of which were dense, which makes this distinction less clear. 13 Fortunately, when tissue is available for cytogenetics, synovial sarcoma demonstrates a characteristic translocation, SYT-SSX, in the majority of cases. 34 Schwannomas are bland, biphasic, nerve sheath tumors that affect a similar age group as NF and can occur within the flexor regions of the upper and lower extremities. Schwannomas can recur and also can undergo malignant transformation; therefore, mistaking NF for a schwannoma would have a significant clinical impact. A study by Kong and Cha identified several main differentiating cytologic features between NF and schwannomas by FNA.
14 First, the authors argued that the metachromatic myxoid stroma, although similar to that observed in NF, is more finely fibrillary in schwannomas. In addition, the tissue fragments of schwannomas are described by Kong and Cha as more variable, ranging from acellular to hypercellular. 14 Furthermore, Verocay bodies palisading around a core of acellular material are a distinguishing factor of schwannoma if present on the material, but in our own experience, recognition of Verocay body formation is extremely uncommon in aspirate smears. In addition, Kong and Cha noted that schwannomas primarily consist of tissue fragments and rarely contain single cells 14 ; however, we would like to point out that in nearly 25% of the cases described in the current study, NF presented as predominately tissue fragments without a significant amount of single cells, thereby weakening this argument. Finally, Kong and Cha noted the absence of an inflammatory component in schwannomas.
14 However, we would like to highlight the fact that approximately 50% of the cases described in the current study lacked a prominent inflammatory component, thereby blurring the distinction between these 2 entities further. Finally, if material is available, immunostaining should be able to sort out the diagnosis, with schwannomas being positive for S-100 protein.
Although typically not bland, myxofibrosarcoma (MFS), similar to NF, can present as a cutaneous nodule in the trunk, pelvis, head and neck region, and the genital area. 35 MFS cases demonstrate variable percentages of myxoid areas and cellular spindled areas. However, many cases exhibit cytologic atypia, large pleomorphic and hyperchromatic nuclei, prominent nucleoli, and abnormal mitotic activity, thereby distinguishing this entity from NF. Furthermore, patients tend to be older, with a mean age of 66 years at the time of presentation. Similar to NF, immunostains are relatively noncontributory and may stain vimentin or occasionally actin. However, if cytogenetic studies are performed, MFS often demonstrates highly complex karyotypes that have been correlated with more aggressive clinical behavior; local disease recurrence is common although distant metastasis is not uncommon.
36
In addition to the above lesions, specific regional entities should be considered in the differential diagnosis depending on the location, including epithelioid sarcoma in the distal upper extremities, as well as a pleomorphic adenoma and myoepithelial neoplasms in the parotid gland.
13,37
Conclusions A specific FNA-based diagnosis of NF is challenging, and furthermore can be a very difficult diagnosis to definitively interpret as benign. Combining the clinical presentation and radiologic findings with the most commonly noted cytomorphologic features allows the diagnostic cytopathologist to appropriately triage the majority of cases, although uncertainty will remain in a significant number of cases. When encountering difficulties, having material available for ancillary testing can greatly narrow the differential diagnosis to exclude other entities. Furthermore, although not a part of current clinical practice, testing for the MYHP-USP6 gene fusion may hold some promise.
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